Overnutrition is one of the major causes of non-alcoholic fatty liver disease (NAFLD). NAFLD is characterized by an accumulation of lipids (triglycerides) in hepatocytes and is often accompanied by high plasma levels of free fatty acids (FFA). In this study, we compared the energy metabolism in acute steatotic and non-steatotic primary mouse hepatocytes. Acute steatosis was induced by pre-incubation with high concentrations of oleate and palmitate. Labeling experiments were conducted using [U- 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a multifactorial disorder mainly caused by overnutrition in the Western population with an estimated incidence of 15-20% (1, 2). NAFLD refers to hepatic steatosis (fatty liver), which is the accumulation of lipid droplets in hepatocytes accompanied by an increase in liver size, followed by progressive stages resulting eventually in fibrosis and cirrhosis (2). NAFLD is significantly related to obesity, type II diabetes, and metabolic syndrome.
One important characteristic shared by these disorders is elevated levels of free fatty acids (FFAs) (3). FFAs can be taken up efficiently by hepatocytes and converted to triglycerides (TAGs) resulting in steatosis. It was reported that plasma FFA levels are significantly increased in NAFLD patients and that these are the primary source for TAGs in hepatocytes (4). Different effects of high free fatty acid load on metabolism have been reported. As regards respiratory chain activity, for example, different groups (5-7) have reported increased, unchanged, and decreased activity under a high fatty acid load. Similarly, both increase and decrease in mitochondrial β -oxidation have been reported (8, 9). Recently, Vial et al.
showed that a high-fat diet resulted in an inhibition of fatty acid oxidation and oxidative phosphorylation (10). High concentrations of free fatty acids are toxic by mediating lipoapoptosis (11). Under normal physiologic conditions, intracellular fatty acid pools are low, and fatty acids are oxidized in β -oxidation or released after conversion to triglycerides via lipoprotein secretion. High fatty acid load results in a pathophysiologic lipid metabolism characterized by increased intracellular triglyceride pools, increased lipid peroxidation products, as well as reactive oxygen species formation (2). A better understanding of the mechanisms and physiologic adaptations of the liver to FFAs and, in particular, steatosis would be highly desirable for developing new preventative strategies and therapies. A quantitative understanding of cellular metabolic response to FFAs under steatotic conditions is an important step on the roadmap to a more comprehensive model of NAFLD. The best method for an in-depth analysis of alterations in cellular metabolism is probably to steatotic conditions in combination with elevated FFA levels, and (iii) is this a significant burden for cellular metabolism? The answers to these questions are important for an improved understanding of NAFLD.
RESULTS

Addition of oleate and palmitate results in a strong increase in intracellular triglyceride pools
The addition of the fatty acids oleate and palmitate into the medium resulted in a strongly increased intracellular TAG content and the visible accumulation of lipid droplets after 24 h ( Fig. 1 and 2A) . After 24 h, when the main experiment was started, oleate and palmitate were taken up in the steatotic cells at high rates (Fig. 2B) , also resulting in high synthesis rates for TAGs (Fig. 2C ), which were much higher than those in the control. The total TAG synthesis rates were 24 fmol/cell/h in steatotic and 6 fmol/cell/h in control cells. It is interesting to note that the additional amount of TAGs produced in steatotic cells viz. 18 fmol/cell/h matches the measured total fatty acid uptake rate of ∼54 fmol/cell/h perfectly since three fatty acid molecules are required for the synthesis of one TAG molecule. This is a first indication that the detoxification of free fatty acids in steatotic hepatocytes might be mainly accomplished through TAG generation and storage. However, cellular metabolism is extremely complex and must be analyzed in much more detail to allow definite conclusions. High levels of fatty acids and intracellular TAG synthesis and accumulation might also lead to specific changes in intracellular physiology. Increased triglyceride synthesis, even from external FFAs, might burden energy metabolism to a certain extent. Fatty acids might also be used to generate energy via β-oxidation simultaneously with the observed TAG synthesis. In order to answer these questions properly, tracer experiments were carried out followed by a comprehensive metabo-
